Breed Characterization: Tools and Their Applications by Addisu Hailu1, Addis Getu2
Open Access Library Journal 
How to cite this paper: Hailu, A. and Getu, A. (2015) Breed Characterization: Tools and Their Applications. Open Access Li-
brary Journal, 2: e1438. http://dx.doi.org/10.4236/oalib.1101438  
 
 
Breed Characterization: Tools and Their  
Applications 
Addisu Hailu1, Addis Getu2 
1Department of Life Science, University of Gondar, Gondar, Ethiopia 
2Department of Animal Production and Extension, University of Gondar, Gondar, Ethiopia 
Email: addisgetu2002@yahoo.com 
 
Received 18 March 2015; accepted 2 April 2015; published 8 April 2015 
 
Copyright © 2015 by authors and OALib. 







During the subsequent history of livestock, the main evolutionary forces of mutation, selective 
breeding, adaptation, isolation and genetic drift have created an enormous diversity of local pop-
ulations. Organizing and documentation of basic tools for breed characterization are the major 
aims of the review with the scope of available markers. This farm animal genetic diversity has a 
primary requirement to meet current production needs in various environments. In addition, 
farm animal genetic diversity has a great application of allowing sustained genetic improvement, 
and to facilitate rapid adaptation to changing breeding objectives. Furthermore, animal genetic 
diversity provides wider range opportunity for selection and improving. The nondescript breed 
could be Identified and characterizing by morphological or/and molecular markers to know their 
potential, to know their special adaptive trait and their status for further actions (improvement, 
conservation). Markers are conspicuous object used to distinguish or to show variation in popula-
tion or individual level. Morphological markers normally refer to external animal characteristics 
which can be obtained by direct visual observation and measurement and used in the identifica-
tion, classification, and characterization of genetic evolution of different species or populations. 
Since the measurement and identification of animal morphological traits usually take a long time 
and limited application in evaluation of qualitative traits, molecular markers have developed 
quickly, and they are becoming more and more informed. Whatever data type (morphological and 
molecular data) needs appropriate statistical application. In general, diversity, markers and sta-
tistical application are the preliminary tools of breed characterization and breed improvements. 
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1. Introduction 
Each living organisms have developed specific genetic characteristics according to its particular natural ecosys-
tem, environmental, and socioeconomic conditions. Collectively, these characteristics constitute the Earth’s spe-
cies diversity. This genetic diversity is used as a toolfor breed improvement. However, sufficient markers for 
evaluating the population structure and other aspects of available animal genetic resources are necessary to as-
sess genetic diversity. In earlier studies, morphological markers and agro-ecological factors were used to re- 
present diversity, and after that, chromosomal karyotyping and biochemical markers were developed. With the 
rapid development of molecular biology, different types of DNA molecular markers had been explored, e.g. Re-
striction Fragment Length Polymorphism (RFLP), Random Amplified Polymorphic DNA (RAPD), Amplified 
Fragment Length Polymorphism (AFLP), Single-Strand Conformation Polymorphism (SSCP) and Microsatellite 
DNA. 
With molecular biology and computer innovations, novel strategies such as whole genome SNP chips and 
DNA Barcoding have been extensively utilized. All of these markers have played significant roles in the evalua-
tion of genetic diversity in farm animals. DNA molecular marker techniques are widely applied in the fields of 
germplasm identification, phylogeny, and genetic structural analysis. They overcome the limitations of morpho-
logical, cytological, and biochemical markers, namely the small numbers of such markers and the fact they can 
be environmentally influenced. The expansion in DNA information will facilitate the study of genome-wide di-
versity; such information is much more precise for the assessment of genetic diversity than previous markers.  
Raw data from morphological or molecular markers are important inputs for analysis of different parameters, 
for identification, characterization and evaluation of breeds/individuals. All data types are meaningful if appro-
priate statistical analysis is employed. Even though numerous reviews have been done in markers, most of them 
didn’t include application of farm animal genetic resource diversity, morphological markers and statistics. 
Therefore, the present review is initiated with the objective of reviewing tools of (like diversity, markers and 
statistics) breed characterization comprehensively and their application in animal breeding 
2. Breed Characterization: Tools and Their Application 
The term “breed” is difficult to define, but most often understood as “a group of domestic livestock with defina-
ble and identifiable external characteristics that distinguish it from other groups within the same species” [1]. 
Similarly, either a sub specific group of domestic livestock with definable and identifiable external characteris-
tics that enable it to be separated by visual appraisal from other or it could be explained as, defined groups 
within the same species or a group for which geographical and/or cultural separation from phenotypically simi-
lar groups has led to acceptance of its separate identity [2]. Even though, different components should be consi-
dered for breed characterization, diversity, markers and statistics were the most notable tools for breed characte-
rization as well improvement. 
3. Animal Genetic Resource Diversity 
Domestication of livestock species and a long history of migrations, selection and adaptation have created an 
enormous variety of breeds. During the subsequent history of livestock, the main evolutionary forces of muta-
tion, selective breeding, adaptation, isolation and genetic drift have created an enormous diversity of local pop-
ulations. In the last centuries, this culminates in the formation of many well-defined breeds used for a variety of 
purposes with different levels of performance in different production environment [3]. Genetic diversity main-
tained within a species will thus be correspondingly high when production conditions are diversified and can be 
correspondingly low if production conditions are highly standardized.  
In addition to its requirement to meet current production needs in various environments, farm animal genetic 
diversity has a great pleasure of allowing sustained genetic improvement, and to facilitate rapid adaptation to 
changing breeding objectives [4]. Therefore, farm animal diversity has opportunities for active utilization of a 
wide range of breeds, selection and improvement of their products.  
Diversity in animal genetic resource (AnGR) populations is measured in three forms: interpopulation diversity 
(between breeds), intrapopulation diversity (within breeds), and the interrelationships between populations. Phe- 
notypic characterization is used to identify and document diversity within and between distinct breeds based on 
their observable attributes (morphological markers). The measurement of genetic relationships between breeds 
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and genetic heterozygosity within breeds is the task of molecular characterization (by using molecular markers) 
[5]. 
4. Markers 
Markers are some conspicuous object used to distinguish or mark something. Variations in livestock observed at 
different levels, (i.e. at the morphological, cytology, biochemical, chromosomal or DNA level), and all these can 
serve as the markers for characterization, identification and evaluation farm animal diversity. 
5. Morphological Markers 
Assessing the diversity of AnGR is made more difficult by the existence of many animal populations that are not 
assigned to any recognized breed. Even though parts of these “nondescript” populations are known to be mul-
tiple crosses of existing breeds, some animals may belong to (relatively) homogenous groups distinguishable 
from neighboring populations on the basis of identity and stable phenotypic characteristics (among which may 
be unique and valuable attributes) that warrant their being distinguished as separate breeds. Determining wheth-
er or not is one of the roles of phenotypic characterization. Phenotypic characterization is a prerequisite for ef-
fective assessment of AnGR diversity and determining whether or not it is being eroded. Phenotypic characteri-
zation is therefore fundamental to the establishment of national inventories of AnGR, to effective monitoring of 
AnGR populations and to the establishment of early-warning and response systems for AnGR [5]. Since mor-
phological markers are easily visible and comparable within the population, they are the primary factors of phe-
notypic characterization. 
The external animal characteristics (i.e. coat color, body shape, skin structure, and anatomical characteristics) 
which can be obtained by direct visual observation and measurement are referred as morphological markers [6] 
[7]. They are used in the identification, classification, and characterization of genetic evolution of different spe-
cies or populations especially in developing countries. According to Zewdu [8] characterize and produce a phy-
logenetic tree of indigenous cattle breeds of northeastern Ethiopia based on their phenotype character. 
Even though the evaluation of farm animal genetic resources through morphological markers is based on sub-
jective judgments and descriptions, and the conclusions reached are often not accurate. Furthermore, the mea-
surement and identification of animal morphological traits usually take a long time and limited application in 
evaluation of qualitative traits, it is still an effective method for the assessment of phenotypic differences [9]. 
6. Cytological and Biochemical Markers 
Cytological markers (like: chromosome karyotypes, bandings, repeats, deletions, translocations, and inversions) 
have been used for the assessment of farm animal genetic resources [10] [11]. Researchers can trace the origins 
and evolutionary history of livestock [12], and assess the genetic diversity of domesticated animals by compar-
ing the chromosome number and structure between domesticated animals and their wild ancestors [13]. 
Furthermore, biochemical markers (e.g. Blood type and isozymes) represent biochemical traits. Though, nei-
ther proteins nor isozymes are genetic material, but they are products of gene expression. Amino acid composi-
tion of isozymes and soluble proteins were drawn on in investigated the genetic variation within species and 
phylogenetic relationships between species [14]. The application of these markers was limited because of their 
vulnerability to environmental impacts and individual growth [15]. Contrariwise, protein electrophoresis is a 
rapid, economic, and straightforward technique and provides a more detailed representation of polymorphisms than 
morphological or cytological markers; thus, it is still widely used in elucidating the origin and classification of 
species [16]. 
7. Molecular Markers 
Molecular markers can be used to scrutinizing genetic variations at the DNA level between poles apart popula-
tions and individuals. Molecular markers have developed rapidly, and they are becoming more and more infor-
mative. Up to now, numerous types of molecular markers (such as RFLPs, RAPD, AFLP, microsatellite, and 
SNP) have been exploited to appraise DNA polymorphisms; and widely employed in characterizing animal ge-
netic resources. 
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8. RFLP Markers 
RFLP is a method proven by Grodzicker et al. in 1974. It is used to detect DNA polymorphisms among different 
individuals. Based nucleotide base substitutions, insertions, deletions, duplications, and inversions within the 
whole genome can eliminate or fashion new restriction sites. The basic principle of RFLP is: genomic DNA of 
different individuals is processed by known restriction enzymes into DNA fragments of varying size. Then, the 
digested fragments are separated via electrophoretic analysis. Finally, separated fragments are hybridized with 
radioactive or chemiluminescent homologous probes and processed by an X-ray film; the different fragments are 
visible by autoradiography. RFLP was the most widely used markers in AnGR assessments and breeding pro-
gram development. Even though RFLP is labor-intensive and time-consuming; check out only specific muta-
tions at enzyme cut sites; and polymorphism is relatively low and must be detected by radioisotope, it has the 
following main advantages:1) high reliability, because it is generated from specific sites via known restriction 
enzymes and the results are constant over time and location. 2) Co-dominance, which means investigators are 
able to distinguish heterozygotes from homozygotes. 3) Selective neutrality refers to a situation in which differ-
ent alleles of a certain gene confer equal fitness. 
9. RAPD Markers 
RAPD amplifies the target genomic DNA with short and arbitrary primers (commonly 10 bp) in a PCR reaction. 
It can be used to yield relatively convoluted DNA profiles for detecting augmented fragment length polymor-
phisms between organisms. Since the arbitrary primers match different parts of the genomic DNA, PCR prod-
ucts will differ in number and size (polymorphism). RAPD-PCR fingerprints have been successfully used in de-
fining genetic diversity among different species. For example, the RAPD method was used to generate specific 
fingerprint patterns of ten different species: including wild boar, pig, horse, buffalo, beef, venison, dog, cat, rab-
bit, and kangaroo [17]. The main advantage of RAPD markers is: 1) no prior sequence knowledge is necessary 
for designing the specific primers, which can then be used in different templates. 2) The amount of DNA re-
quired is very small because it will be amplified by PCR. 3) RAPDs are simple, quick, and cost effective com-
pared to RFLP [18] [19]. However, RAPDs also have some disadvantages, these include 1) the repeatability and 
reliability of RAPD polymorphic profiles are poor [20]. 2) Some non-specific and therefore non-reproducible 
binding of primers occurs. 3) RAPDs are dominant genetic markers which cannot be used to distinguish homo-
zygote from heterozygote genotypes in F2 populations. 
10. AFLP Markers 
The AFLP procedure is as follows: first, the genomic DNA is digested with a restriction enzyme, and then the 
digested fragments are ligated to synthetic adaptors and amplified with specified primers that are harmonizing to 
a selective sequence on the adaptors. Subsequent separation of the amplified fragments is obtained by selective 
primers and visualized using autoradiography [21]. The main advantages of this market are: not labor-intensive, 
doesn’t consume more time RFLP method and solve the reliability problem caused by non-specific amplifica-
tions in RAPDs. Hoda et al. used AFLPs to assess genetic diversity and relationships among different breeds of 
sheep. They analyzed 93 unrelated individuals from three local Albanian sheep breeds markers. The results ob-
tained indicate the high diversity in Albania sheep breeds. AFLPs are notable for their genetic stability, they 
provide an effective, rapid, and economical tool for detecting a large number of polymorphic genetic markers, 
that can be genotyped automatic [22] [23]. However, AFLPs are dominant bi-allelic markers [22], and are una-
ble to distinguish dominant homozygous from dominant heterozygous individuals [24]. The AFLP method is an 
ideal molecular approach for population genetics and genome typing, it is consequently widely applied to detect 
genetic polymorphisms, evaluate, and characterize animal genetic resources [25] [26]. 
11. Microsatellite Markers 
Microsatellite DNA, also known as short tandem repeats (STRs) or simple sequence repeats (SSRs), are com-
mon repeated sequence of living organizms. The contiguous regions of repeated sequences at microsatellite loci 
are mostly conservative. The recurrence motifs are highly variable between dissimilar species and even different 
individuals of the same species. Generally they consist of motifs which are made up of 1 - 6 base pairs (bp) tan-
demly repeated several times (e.g. CACACACACACACACA) [27] [28]. So specific primers could be designed 
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based on the conserved sequences and amplify the core repeat sequences by PCR. Genetic polymorphisms can 
then be detected via electrophoresis [29]. Microsatellites were the markers most widely used for genetic diversi-
ty, mapping quantitative trait loci of production and functional traits in livestock [30]-[32]. Furthermore, they 
have also been used for marker assisted selection practices [33]. SSRs don’t use radioisotopes; it has higher re-
peatability and stability than RAPDs; they are co-dominant markers (able to distinguish homozygotes from he-
terozygotes). The disadvantages of SSRs: time-consuming and expensive to develop, heterozygotes may be mis-
classified as homozygotes when the null-alleles occur because of mutations in the primer annealing sites, stutter 
bands may complicate accurate scoring of polymorphisms, underlying mutation model largely unknown, and do 
not provide information on functional trait biodiversity.  
12. SNP Markers and Whole-Genome Sequencing 
Single nucleotide polymorphism (SNP), was first discovered by Lander in 1996. It refers to a sequence poly-
morphism caused by a single nucleotide mutation (single base transitions, transversions, insertions and deletions) 
at a specific locus in the DNA sequence [34]. The fundamental principle of SNPs is to hybridize detected DNA 
fragments with high-density DNA probe arrays. Then, the SNP allele is named according to the hybridization 
results. SNPs are bi-allelic markers, indicating a specific polymorphism in only two alleles of a population [35]. 
Currently, SNP markers are one of the preferred genotyping approaches, because they are plentiful in the ge-
nome, genetically steady, and amenable to high through put automated analysis [36] and distribute in both cod-
ing and non-coding regions of genomes [37]. The SNP has the following advantages: 1) they are numerous and 
widely distributed throughout the entire genome [38]. 2) High genetic stability, excellent repeatability, and high 
accuracy. 3) Allow for fast, high-throughput genotyping [39]. 4) Expedient for effectively distinguishing hete-
rozygote from homozygote alleles because of its co-dominances. One disadvantage of SNP markers is the low 
level information obtained compared with that of a highly polymorphic microsatellite, but this can be waged by 
employing a higher density markers (HD SNP chips) and whole-genome sequencing [40] [41]. Because of their 
extensive distribution and abundant variations, SNPs plays an important role in livestock population structure, 
genetic variation, origin, and evolution research. Furthermore, we can gain information concerning animal pop-
ulation diversity and population evolution (origins, differentiation, and migrations) via SNP haplotypes among 
different populations. For example, linkage disequilibrium (LD) among different SNPs can be utilized in conno-
tation analysis  
With the improvement of sequencing technology, whole-genome/gene sequencing has become available for 
characterizing genetic diversity among farm animals. It is the most straightforward method and provides more 
complete information on the genetic variation among different populations because it can detect all the varia-
tions within the genome. Currently, the problem with whole-genome sequencing is setting up a high-through 
data analysis platform to explore useful information for the conservation and utilization of farm animals [9]. 
13. DNA Barcoding Markers 
Barcoding is an automatic scanning and identification technology, which has emerged from practical computer 
technologies. A DNA barcode is a Short DNA sequence from a standardized region of the genome used for 
identifying species. The intent of DNA barcoding is to use large-scales creening of one or more reference genes 
in order to 1) assign unknown individuals to species, and 2) enhance discovery of new species [42] [43]. Re-
searchers can compilea public library of DNA barcodes linked to named specimens, which can provide a new 
master key for identifying species diversity [44]. Compared with time-consuming and inefficient traditional 
morphological classification [42], DNA Barcoding has a high accuracy of 97.9% [45]. In addition, it provides 
new, quick, and convenient identification strategies foranimal genetic diversity [42]. However, as with the other 
markers a formantioned the DNA Barcoding technique also has some disadvantages: 1) the genome fragments 
are very difficult to obtain and are relatively conservative and have no enough variations. Some organisms can-
not be identified with COI because of the low evolution rates of COI sequences in any species. 2) COI is an 
mtDNA sequence of maternal origin, which could bias species diversity [46] [47]. The above disadvantages can 
be compensated for by using one or more nucleargene barcodes together to make a standardized analysis of 
AnGR [9]. Biological taxonomists apply this principle to species classification, referring to a DNA barcode [9]. 
Tautz et al. were the first researchers to use the DNA sequences in systematical biological taxonomy (also called 
DNA taxonomy). Subsequently, Hebert et al. proposed the concept of DNA Barcoding and suggested its use for 
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a single mtDNA gene, mitochondrial cytochrome c oxidase I (COI), as a common sequence in animal DNA 
Barcoding studies. 
14. Statistics 
Genetic improvement programs for livestock aim to maximize the rate of increase of some merit function ex-
pected to have a genetic basis. Merit can be a linear or nonlinear combination of genetic values for several traits 
that are economically important. Genetic merit cannot be observed, so it must be inferred from the data. There-
fore, Relevant statistical application has been conducted for: 1) assessing whether traits have a genetic basis, 2) 
developing accurate methods for inferring merit (“genetic evaluation”), and 3) designing breeding programs [48]. 
Morphological as well molecular data’s were important inputs for evaluation of a particular breed. In case of 
characterization, identification and evaluation, the particular breeds might fall under previously characterized 
breed or stand as separate breed based on statistical analysis. 
Accurate prediction of breeding values is of great importance for animal improvement programs. The predic-
tion of breeding values requires knowledge of the magnitude of the variances and covariances of random effects 
[49]. The statistical models in animal breeding consist of: 1) a mathematical function relating observations to 
location parameters and random effects (Bayesians view all unknowns as random), 2) genetic and environmental 
dispersion parameters, such as components of variance and covariance; and 3) assumptions about the joint dis-
tribution of the observations and of the random effects [48]. Therefore, statistics are the basic tool in animal 
breeding, including: 1) sample size determination, 2) suiting data for analysis (data transformation), 3) to calcu-
late the descriptive statistics, ANOVA, variance, covariance, 4) to cluster breeds into appropriate category, 5) to 
evaluate their breeding value, heritability and repeatability, and 6) for selection (index calculation) of the best 
performed individual/ group. 
15. Conclusions and Recommendations 
The main evolutionary forces of mutation, selective breeding, adaptation, isolation and genetic drift have created 
an enormous diversity of local populations. This Genetics resource diversity is wider in diversified production 
environments. The primary importance of this diversified genetics resource is meeting production needs in var-
ious environments. Further is has an impact breed improvement program (selection and mating). 
The diversified genetics resource should be characterized for the sake of breed status, production value, effec-
tive monitoring, and to establish early warning and response for AnGR. Different criteria should be considered 
for characterization of AnGR. Of that morphological and molecular markers are the fundamental distinguishing 
criteria’s. Any external animal characteristics which can be obtained by direct visual observation and measure-
ment (i.e. Coat color, body shape, skin structure, and anatomical characteristics) are morphological markers. 
However, since the evaluation of farm animal genetic resources through morphological markers is based on 
subjective judgments and descriptions, and the conclusions reached are often not accurate. Therefore, molecular 
markers were invented and they are becoming more and more informative. Molecular markers can be used for 
investigating genetic variations at the DNA level between different populations and individuals. RFLPs, RAPD, 
AFLP, microsatellite, and SNP are molecular markers widely utilized in characterizing animal genetic resources. 
Of these microsatellites DNA markers are widely utilized for Animal genetics identification and characteriza-
tion. 
All Animal genetics resource data’s collected via morphological markers or molecular markers would be 
invalid if an appropriate statistical analysis is employed. Therefore, since a statistical application has great im-
pact on our data, all data types should pass appropriate statistical analysis. Generally, diversity, markers and sta-
tistical application are important tools of breed characterization as well animal breeding. 
References 
[1] Köhler-Rollefson, I. (2000) Management of Animal Genetic Diversity at Community Level. Eschborn, Hesse. 
[2] FAO (Food and Agriculture Organization of the United Nations) (1999) Statistical Database. Food and Agriculture Or- 
ganization of the United Nations. Rome. www.fao.org  
[3] Weigend, S., Groeneveld, L.F., Lenstra, J.A., Eding, H., Toro, M.A., Scherf, B., Pilling, D., Negrini, R., Finlay, E.K., 
Jianlin, H. and Groeneveld, E., The GLOBALDIV Consortium (2009) Genetic Diversity in Farm Animals—A Review. 
A. Hailu, A. Getu 
 
OALibJ | DOI:10.4236/oalib.1101438 7 April 2015 | Volume 2 | e1438 
 
International Society for Animal Genetics, Animal Genetics, 41, 6-31. 
[4] Notter D.R. (1999) The Importance of Genetic Diversity in Livestock Populations of the Future. Journal of Animal Sci- 
ence, 77, 61-69. 
[5] FAO (Food and Agriculture Organization of the United Nations) (2011) Draft Guidelines on Phenotypic Characteriza- 
tion. Intergovernmental Technical Working Group on Animal Genetic Resources for Food and Agriculture and Com- 
mission on Genetic Resources for Food and Agriculture, Rome, 24-26 November 2011, 87 p. 
[6] Van Wezel, I.L. and Rodgers, R.J. (1996) Morphological Characterization of Bovine Primordial Follicles and Their 
Environment in Vivo. Biology of Reproduction, 55, 1003-1011. http://dx.doi.org/10.1095/biolreprod55.5.1003 
[7] Gizaw, S., Van Arendonk, J.A.M., Komen, H., Windig, J.J. and Hanotte, O. (2007) Population Structure, Genetic Vari- 
ation and Morphological Diversity in Indigenous Sheep of Ethiopia. Animal Genetics, 38, 621-628.  
http://dx.doi.org/10.1111/j.1365-2052.2007.01659.x 
[8] Zewdu, W. (2004) Indigenous Cattle Genetic Resources, Their Husbandry Practices, and Breeding Objectives in North- 
western Ethiopia. M.Sc. Thesis, Alemaya University, Alemaya, 143 p. 
[9] Yang, W.J., Kang, X.L., Yang, Q.F., Lin, Y. and Fang, M.Y. (2013) Review on the Development of Genotyping Me-
thods for Assessing Farm Animal Diversity. Journal of Animal Science and Biotechnology, 4, 2.  
http://dx.doi.org/10.1186/2049-1891-4-2 
[10] Nadler, C.F., Hoffmann, R.S. and Woolf, A. (1973) G-Band Patterns as Chromosomal Markers, and the Interpretation 
of Chromosomal Evolution in Wild Sheep (Ovis). Cellular and Molecular Life Sciences, 29, 117-119.  
http://dx.doi.org/10.1186/2049-1891-4-2 
[11] Popescu, N.C., Evans, C.H. and Di Paolo, J.A. (1976) Chromosome Patterns (G and C Bands) of in Vitro Chemical 
Carcinogen-Transformed Guinea Pig Cells. Cancer Research, 36, 1404-1413. 
[12] Bitgood, J.J. and Shoffner, R.N. (1990) Cytology and Cytogenetics. Poultry Breeding Genetics, 22, 401-427. 
[13] Becak, M.L., Becak, W. and Roberts, F.L. (1973) Fish, Amphibians, Reptiles and Birds. Springer-Verlag, Berlin, Hei-
delberg and New York. 
[14] Buvanendran, V. and Finney, D.J. (1967) Linkage Relationships of Egg Albumen Loci in the Domestic Fowl. British 
Poultry Science, 8, 9-13. http://dx.doi.org/10.1080/00071666708415644 
[15] Drinkwater, R.D. and Hetzel, D.J.S. (1991) Application of Molecular Biology to Understanding Genotype-Environment 
Interactions in Livestock Production. Proceedings of an International Symposium on Nuclear Techniques in Animal 
Production and Health, Vienna, 15-19 April 1991, 437-452. 
[16] Jonker, J., Meurs, G. and Balner, H. (1982) Typing for RhLA-D in Rhesus Monkeys: II. Genetics of the D Antigens 
and Their Association with DR Antigens in a Population of Unrelated Animals. Tissue Antigens, 19, 69-78. 
http://dx.doi.org/10.1111/j.1399-0039.1982.tb01417.x 
[17] Koh, M.C., Lim, C.H., Chua, S.B., Chew, S.T. and Phang, S.T.W. (1998) Random Amplified Polymorphic DNA 
(RAPD) Fingerprints for Identification of Red Meat Animal Species. Meat Science, 48, 275-285. 
http://dx.doi.org/10.1016/S0309-1740(97)00104-6 
[18] Demeke, T., Adams, R.P. and Chibbar, R. (1992) Potential Taxonomic Use of Random Amplified Polymorphic DNA 
(RAPD): A Case Study in Brassica. Theoretical and Applied Genetics, 84, 990-994. 
http://dx.doi.org/10.1007/BF00227415 
[19] Koller, B., Lehmann, A. and McDermott, J.M. (1993) Identification of Apple Cultivars Using RAPD Markers. Theo-
retical and Applied Genetics, 85, 901-904. http://dx.doi.org/10.1007/BF00225036 
[20] Meunier, J.R. and Grimont, P.A.D. (1993) Factors Affecting Reproducibility of Random Amplified Polymorphic DNA 
Fingerprinting. Research in Microbiology, 144, 373-379. http://dx.doi.org/10.1016/0923-2508(93)90194-7 
[21] Blears, M.J., De Grandis, S.A., Lee, H. and Trevors, J.T. (1998) Amplified Fragment Length Polymorphism (AFLP): 
A Review of the Procedure and Its Applications. Journal of Industrial Microbiology and Biotechnology, 21, 99-114. 
http://dx.doi.org/10.1038/sj.jim.2900537 
[22] Vos, P., Hogers, R., Bleeker, M., Reijans, M., Lee, T.V.D., Hornes, M., Friters, A., Pot, J., Paleman, J., Kuiper, M. and 
Zabeau, M. (1995) AFLP: A New Technique for DNA Fingerprinting. Nucleic Acids Research, 23, 4407-4414. 
http://dx.doi.org/10.1093/nar/23.21.4407 
[23] Vos, P. and Kuiper, M. (1997) AFLP Analysis. In: Caetano-Anollés, G. and Gresshoff, P.M., Eds., DNA Markers: 
Protocols, Applications, and Overviews, Wiley, New York, 115-131.  
[24] Paglia, G. and Morgante, M. (1998) PCR-Based Multiplex DNA Fingerprinting Technique for the Analysis of Conifer 
genome. Molecular Breeding, 4, 173-177. http://dx.doi.org/10.1023/A:1009637608702 
[25] Ajmone-Marsan, P., Negrini, R., Milanesi, E., Bozzi, R., Nijman, I.J., Buntjer, J.B., Valentini, A. and Lenstra, J.A. 
(2002) Genetic Distances within and across Cattle Breeds as Indicated by Biallelic AFLP Markers. Animal Genetics, 
A. Hailu, A. Getu 
 
OALibJ | DOI:10.4236/oalib.1101438 8 April 2015 | Volume 2 | e1438 
 
33, 280-286. http://dx.doi.org/10.1046/j.1365-2052.2002.00865.x 
[26] Negrini, R., Nijmanl, I.J., Milanesi, E., Moazami-Goudarzi, K., Williams, J.L., Erhardt, G., Dunner, S., Rodellar, C., 
Valentini, A., Bradley, D.G., Olsaker, I., Kantanen, J., Ajmone-Marsan, P. and Lenstra, J.A. (2007) The European Cat-
tle Genetic Diversity Consortium: Differentiation of European cattle by AFLP Fingerprinting. Animal Genetics, 38, 60- 
66. http://dx.doi.org/10.1111/j.1365-2052.2007.01554.x 
[27] Litt, M. and Luty, J.A. (1989) A Hyper Variable Microsatellite Revealed by in Vitro Amplification of a Dinucleotide 
Repeat within the Cardiac Muscle Actin Gene. The American Journal of Human Genetics, 44, 397-401. 
[28] Tautz, D. (1898) Hypervariability of Simple Sequences as a General Source for Polymorphic DNA Markers. Nucleic 
Acids Research, 17, 6463-6471. 
[29] Tautz, D., Arctander, P., Minelli, A. and Thomas, R.H. (2002) DNA Points the Way Ahead in Taxonomy. Nature, 418, 
479. http://dx.doi.org/10.1038/418479a 
[30] Fang, M., Braunschweig, M., Hu, X., Hu, L., Feng, J., Li, N. and Wu, C. (2005) Genetic Variation of Exon 2 of 
SLA-DQB Gene in Chinese Pigs. Biochemical Genetics, 43, 119-125. http://dx.doi.org/10.1007/s10528-005-1504-3 
[31] Fang, M., Larson, G., Soares Ribeiro, H., Li, N. and Andersson, L. (2009) Contrasting Mode of Evolution at a Coat 
Color Locus in Wild and Domestic Pigs. PLoS Genetics, 5, e1000341. http://dx.doi.org/10.1371/journal.pgen.1000341 
[32] Hiendleder, S., Hiendleder, S., Thomsen, H., Reinsch, N., Bennewitz, J., Leyhe-Horn, B., Looft, C., Xu, N., Medjugo-
rac, I., Russ, I., Kühn, C., Brockmann, G.A., Blümel, J., Brenig, B., Reinhardt, F., Reents, R., Averdunk, G., Schwerin, 
M., Förster, M., Kalm, E. and Erhardt, G. (2003) Mapping of QTL for Body Conformation and Behavior in Cattle. 
Journal of Heredity, 94, 496-506. http://dx.doi.org/10.1093/jhered/esg090 
[33] Montaldo, H.H. and Meza-Herrera, C.A. (1998) Use of Molecular Markers and Major Genes in the Genetic Improve-
ment of Livestock. Electronic Journal of Biotechnology, 1, 83-89. http://dx.doi.org/10.2225/vol1-issue2-fulltext-4 
[34] Lander, E.S. (1996) The New Genomics: Global Views of Biology. Science, 274, 536-539. 
http://dx.doi.org/10.1126/science.274.5287.536 
[35] Kruglyak, L. (1997) The Use of a Genetic Map of Biallelic Markers in Linkage Studies. Nature Genetics, 17, 21-24. 
http://dx.doi.org/10.1038/ng0997-21 
[36] Vignal, A., Milan, D. and SanCristobal, M. (2002) A Review on SNP and Other Types of Molecular Markers and Their 
Use in Animal Genetics. Genetics Selection Evolution, 34, 275-305. http://dx.doi.org/10.1186/1297-9686-34-3-275 
[37] Syvänen, A.C. (2001) Accessing Genetic Variation: Genotyping Single Nucleotide Polymorphisms. Nature Reviews 
Genetics, 2, 930-942. http://dx.doi.org/10.1038/35103535 
[38] Primmer, C.R., Borge, T. and Lindell, J. (2002) Single-Nucleotide Polymorphism Characterization in Species with Li-
mited Available Sequence Information: High Nucleotide Diversity Revealed in the Avian Genome. Molecular Ecology, 
11, 603-612. http://dx.doi.org/10.1046/j.0962-1083.2001.01452.x 
[39] Tsuchihashi, Z. and Dracopoli, N.C. (2002) Progress in High-Throughput SNP Genotyping Methods. The Pharmaco-
genomics Journal, 2, 103-110. http://dx.doi.org/10.1038/sj.tpj.6500094 
[40] Werner, M., Sych, M., Herbon, N., Illig, T., Konig, I.R. and Wjst, M. (2002) Large-Scale Determination of SNP Allele 
Frequencies in DNA Pools Using MALDI-TOF Mass Spectrometry. Human Mutation, 20, 57-64. 
http://dx.doi.org/10.1002/humu.10094 
[41] Welsh, J. and McClelland, M. (1990) Fingerprinting Genomes Using PCR with Arbitrary Primers. Nucleic Acids Re-
search, 18, 7213-7218. http://dx.doi.org/10.1093/nar/18.24.7213 
[42] Hebert, P.D.N., Cywinska, A., Ball, S.L. and de Waard, J.R. (2003) Biological Identifications through DNA Barcodes. 
Proceedings of the Royal Society B: Biological Sciences, 270, 313-321. http://dx.doi.org/10.1098/rspb.2002.2218 
[43] Stoecklem, M. (2003) Taxonomy, DNA, and the Bar Code of Life. BioScience, 53, 796-797. 
http://dx.doi.org/10.1641/0006-3568(2003)053[0796:TDATBC]2.0.CO;2 
[44] Hebert, P.D.N., Penton, E.H. and Burns, J.M. (2004) Ten Species in One: DNA Barcoding Reveals Cryptic Species in 
the Neotropical Skipper Butterfly Astraptes fulgerator. Proceedings of the National Academy of Sciences of the United 
States of America, 101, 14812-14817. http://dx.doi.org/10.1073/pnas.0406166101 
[45] Hajibabaei, M., Janzen, D.H. and Burns, J.M. (2006) DNA Barcodes Distinguish Species of Tropical Lepidoptera. 
Proceedings of the National Academy of Sciences of the United States of America, 103, 968-971. 
http://dx.doi.org/10.1073/pnas.0510466103 
[46] Meyer, C.P. and Paulay, G. (2005) DNA Barcoding: Error Rates Based on Comprehensive Sampling. PLoS Biology, 3, 
2229-2238. http://dx.doi.org/10.1371/journal.pbio.0030422 
[47] Meier, R., Shiyang, K. and Vaidya, G. (2006) DNA Barcoding and Taxonomy in Diptera: A Tale of High Intraspecific 
Variability and Low Identification Success. Systematic Biology, 55, 715-728. 
A. Hailu, A. Getu 
 
OALibJ | DOI:10.4236/oalib.1101438 9 April 2015 | Volume 2 | e1438 
 
http://dx.doi.org/10.1080/10635150600969864 
[48] Gianola, D. (2013) Statistics in Animal Breeding. Journal of the American Statistical Association, 95, 296-299. 
[49] Williams, J.G.K., Kubeilik, A.R., Livak, K.J., Rafalski, J.A. and Tingey, S.V. (1990) DNA Polymorphisms Amplified 
by Arbitrary Primers Are Useful as Genetic Markers. Nucleic Acids Research, 18, 6531-6535. 
http://dx.doi.org/10.1093/nar/18.22.6531 
